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RESEARCH INTERESTS 
My research will apply rational and combinatorial biological design principles toward metabolic engineering 
and applied biocatalysis.  One objective is to combine advanced methods of generating genetic diversity with 
screening and selection strategies to engineer organisms with useful biocatalytic properties.  I am also interested 
in the directed evolution of oxygenases for biocatalytic applications. 
 
EDUCATION 
Ph.D., Chemical Engineering      June, 2003 
California Institute of Technology, Pasadena 
Thesis Title:  Laboratory Evolution of Cytochrome P450 Peroxygenase Activity 
Advisor: Frances H. Arnold 
 
B.S., Chemical Engineering      June, 1997 
Ohio University (summa cum laude, 4.0 GPA) 
 
RESEARCH EXPERIENCE 
Caltech (1997–2003, Graduate Research): 
Directed Evolution; Protein Design; Enzyme Biochemistry; Molecular Biology; Analytical Chemistry 
• Developed and implemented several assays for screening enzyme activity. 
• Combined rational and random protein design methods with high-throughput screening to evolve 
peroxide-driven hydroxylation in cytochrome P450.  
• Used directed evolution techniques to evolve thermostability and peroxide stability of horseradish 
peroxidase and cytochrome P450.  
• Applied site-directed, random, saturation, cassette, and doped-oligo mutagenesis as well as gene 
recombination/shuffling to improve or study enzyme function. 
• Analyzed wild-type and mutant P450 kinetics, mechanisms, and reaction chemistry.  
• Performed biochemical characterizations of wild-type and mutant P450s to better understand enzyme 
inactivation, protein modification, and heme degradation. 
• Commonly used Tools: 
Protein Expression and Purification, Gel Electrophoresis, Cloning, PCR Methods, Cell Culture, 
MALDI-TOF MS, HPLC/MS and Tandem MS, GC/MS, FPLC, Spectroscopy, NMR  
 
Ohio University (1996–1997, Undergraduate Research): 
• Initiated the operation of a fermenter for mammalian cell culture. 
 
BP Oil and BP Chemicals (1994–1996, Undergraduate Co-op): 
Worked in catalysis research, refinery process engineering, and refining technology 
• Designed a small-scale reactor which was then used for screening the performance of propane 
ammoxidation catalysts.  
• Developed a refinery blend optimization program. 
 
Gliatech, Inc. (1993): 
• Assisted in the synthesis, purification, and testing of histamine H3 receptor antagonists. 
 
ACHIEVEMENTS / AWARDS 
• Constantin G. Economou Memorial Prize, 1999 (Caltech) 
  Awarded yearly to the top Ph.D. candidate in Chemical Engineering  
• Recipient of NSF Graduate Research Fellowship, 1998 - 2001 
• Winner of 9th Annual Ohio Chemistry Contest (Ohio University):  
  Four-Year, Full-Tuition Award 
• Named Outstanding Sophomore and Junior in Chemical Engineering (Ohio University) 
(Received AIChE’s Donald F. Othmer Sophomore Academic Excellence Award) 
Patrick C. Cirino 
 
PRESENTATIONS 
“Laboratory Evolution of Cytochrome P450 BM-3” presented at: 
• American Institute of Chemical Engineers 2001 Annual Meeting, 
Advances in Biocatalysis and Protein Engineering section 
• Gordon Graduate Research Conference in Bioinorganic Chemistry, January 2002 
• UCLA Chemistry and Biochemistry Advances in Research Forum,  March 2002 
 
Workshop Leader: “Evolution: an Algorithm for Engineering Biological Systems” at: 
• Gordon Graduate Research Conference in Bioinorganic Chemistry, January 2002 
 
ADVISING and TEACHING EXPERIENCE 
Trained two research assistants and two postdoctoral fellows. 
 
Teaching Assistant for three classes:  
• Principles of Chemical Engineering (undergraduate level)  
• Fundamentals of Biochemical Engineering (graduate level) 
• Introduction to the Design of Biological Molecules and Systems (graduate level) 
Prepared lectures, problem sets, and test questions; graded tests and problem sets; held office 
hours for students; designed and maintained web pages. 
 
PUBLICATIONS 
Patent Application:  
Cirino PC and Arnold FH, inventors. Peroxide-driven cytochrome P450 oxygenase variants. U.S. Patent 
Application Serial No. 10/125,640. Filed April 16, 2002.  
 
Refereed Papers: 
Cirino PC and Arnold FH. Regioselectivity and activity of cytochrome P450 BM-3 and mutant F87A in 
reactions driven by hydrogen peroxide. Adv. Synth. Catal. 2002, 344: 932. 
Cirino PC and Arnold FH.  A self-sufficient peroxide-driven hydroxylation biocatalyst.  Angew. Chem.-Int. Edit., 
In Press.  
Cirino PC, Tang Y, Takahashi K, Tirrell DA and Arnold FH.  Global Incorporation of Norleucine in Place of 
Methionine in Cytochrome P450 BM-3 Heme Domain Increases Peroxygenase Activity.  Biotechnol. 
Bioeng., In Press. 
Salazar O*, Cirino PC* (*equal contributions) and Arnold FH. Thermostabilization of a peroxide-driven 
hydroxylation biocatalyst. Submitted. 
Schwaneberg U, Otey C, Cirino PC, Farinas E, Arnold FH. Cost-effective whole-cell assay for laboratory 
evolution of hydroxylases in Escherichia coli. J. Biomol. Screen. 2001, 6: 111. 
Morawski B, Lin ZL, Cirino P, Joo H, Bandara G, Arnold FH. Functional expression of horseradish peroxidase 
in Saccharomyces cerevisiae and Pichia pastoris. Protein Eng. 2000, 13: 377. 
 
Chapters / Reviews: 
Cirino PC and Arnold FH. Protein engineering of oxygenases for biocatalysis. Curr. Opin. Chem. Bio. 2002, 6: 
130. 
Cirino PC and Arnold FH. Exploring the diversity of heme enzymes through directed evolution. In: Directed 
Molecular Evolution of Proteins. Brakmann and Johnsson, Eds, Wiley-VCH, Weinheim, 2002. 
Cirino PC, Mayer KM, and Umeno D. Generating mutant libraries using error-prone PCR. In: Directed 
Evolution Library Creation: Methods and Protocols.  Arnold and Georgiou, Eds, Humana Press; 2003. 
Cirino PC and Georgescu R. Screening for thermostability. In: Directed Evolution Library Creation: Methods 
and Protocols.  Arnold and Georgiou, Eds, Humana Press; 2003. 
  
COMMUNITY SERVICE and HOBBIES 
Reading to Kids (monthly reading club, www.readingtokids.org)  
Piano 
Fishing is a favorite pastime:    
Marina Del Rey Angler’s Club (1999-2000) 
Volunteered in the organization of the 26th Annual Marina Del Rey Halibut Derby 
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